Synergistic effect of prostaglandin E2 and ouabain on catecholamine release from cultured bovine adrenal chromaffin cells.
We recently reported that prostaglandin E2 (PGE2) stimulated phosphoinositide metabolism in cultured bovine adrenal chromaffin cells and that PGE2 and ouabain, an inhibitor of Na+,K+-ATPase, synergistically induced a gradual secretion of catecholamines from the cells. The effect on catecholamine release was specific for prostaglandin E1 (PGE1) and PGE2 among prostaglandins tested (E1 = E2 greater than F2 alpha greater than D2). The release evoked by PGE2 plus ouabain was greatly reduced in Na+-depleted medium and not observed in Ca2+-free medium. Here we examined the synergistic effect of PGE2 and ouabain on the release with specific reference to ion fluxes. Regardless of the presence of PGE2, ouabain stimulated the release in a dose-dependent manner with half-maximal stimulation at 1 microM, and omission of K+ from the medium, a condition which suppresses the Na+,K+-ATPase activity, also enhanced the release from chromaffin cells exposed to PGE2. Ouabain induced a continuous accumulation of 22Na+ and 45Ca2+, as well as secretion of catecholamines. Although PGE2 itself showed hardly any effects on these cellular responses, PGE2 potentiated all of them induced by ouabain. The time course of catecholamine release was correlated with that of accumulation of 45Ca2+ rather than with that of 22Na+. The release evoked by PGE2 and ouabain was inhibited in a dose-dependent manner by amiloride and the analogue ethylisopropylamiloride, inhibitors of the Na+,H+-antiport, but not by the Na+-channel inhibitor tetrodotoxin nor by the nicotinic receptor antagonist hexamethonium. Ethylisopropylamiloride at 1 microM inhibited PGE2-enhanced accumulation of 22Na+ and 45Ca2+ and release of catecholamine by 40, 83, and 71%, respectively. Activation of the Na+,H+-antiport by elevation of the extracellular pH from 6.6 to 8.0 increased the release of catecholamines linearly. Furthermore, PGE2 induced a sustained increase in intracellular pH by about 0.1 pH unit above the resting value, which was abolished by amiloride or in Na+-free medium. These results taken together indicate that PGE2 activates the Na+,H+-antiport by stimulating phosphoinositide metabolism and that the increase in intracellular Na+ by both inhibition of Na+,K+-ATPase and activation of Na+,H+-antiport may lead to the redistribution of Ca2+, which is the initial trigger of catecholamine release.